The life cycle of stars and gas in the Milky Way illuminates and shapes our view of the universe. This cycle is driven largely by massive stars through their immense ionizing radiation, powerful winds and outflows, and explosive supernovae, yet the processes leading to their formation remain elusive. I review the status of our understanding of massive star and cluster formation, beginning with a theoretical framework outlining the varying modes proposed for the accumulation of material onto forming stars: core accretion and competitive accretion. The observable consequences of each theory and their current statuses are discussed. I then delve into the growing body of observations toward massive star and cluster forming regions, focusing on recent observations of the structure and evolution of cluster-forming regions at early stages. I conclude with an outlook for the next stages in the field of massive star formation.
Introduction to Massive Star Formation Theory
The predominant (and perhaps only) mode of massive star formation is in clusters (Lada & Lada, 2003; de Wit et al., 2005) , and a definitive understanding of star cluster formation has been a long-sought goal in astrophysics. A global picture of star formation must include the process that turns Giant Molecular Clouds (GMCs) into young stellar clusters and associations. Fundamental questions concerning the formation mechanism, environment, and early evolution of stellar clusters have remained unanswered due to the inherent complexity of the problem. Forming star clusters are embedded (A V ∼10-100), short-lived, and often distant (∼ 5 kpc). The problem is hierarchical, and by its very nature spans many physical scales, from parsec-scale molecular clumps spread throughout the Galaxy, down to cores on <0.1 pc scales.
The formation of low-mass stars has been explored in detail in nearby low-mass star-forming regions and is understood to proceed through some well-constrained phases (see Figure 1 and Shu et al., 1987) . Cores condense within molecular clouds and lose magnetic and turbulent support through ambipolar diffusion. A protostar forms in the center of the collapsing core, which is surrounded by a nebular accretion disk. The angular momentum loss in this disk is counteracted
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The basic model of isolated low mass star formation, based on the theory developed by Shu et al. (1987) . This model cannot simply be scaled up to explain massive star (M > 8 M ) formation as a spherically symmetric collapsing core quickly exceeds the Eddington limit and prevents further collapse. Krumholz et al. (2009) showed that this problem can be solved by invoking 3-D instabilities which allow radiation to escape in bubbles while the star continues to accrete along dense filaments. One current theory of massive star formation, core accretion, suggests that massive star formation is a scaled up version of this picture in which the massive core is supported by non-thermal (turbulent and magnetic) pressure. Cartoon from T. Green (American Scientist, Jul-Aug 2001) .
by the formation of bipolar outflows emanating from the protostar poles. As the protostar turns on, heats up, and evaporates the remaining core envelope, the system reveals a newly formed star surrounded by a circumstellar disk. While the paradigm of low-mass star formation is generally accepted (see Figure 1) , the formation mechanism of massive stars remains a topic of debate. A simplistic, spherically symmetric, scaled-up massive core cannot collapse to form a massive star (M > 8 M ) akin to low-mass star formation, as the energy released through gravitational contraction quickly exceeds the Eddington luminosity and prevents further collapse (e.g. Shu et al., 1987) . Krumholz et al. (2009) suggested that this problem can be circumvented by allowing material to flow onto the massive core through dense filaments, while energy escapes in radiatively driven bubbles.
While some argue that the formation of massive stars may be a scaled-up version of low mass star formation, with a hydrostatic massive core supported by turbulent pressure (the turbulent core accretion model; McKee & Tan, 2003; McLaughlin & Pudritz, 1996) , others argue that the formation mechanism of stars in clusters is a unique and competitive process (competitive accretion; Bonnell et al., 2001; Wang et al., 2010) . The turbulent core accretion model of McKee & Tan (2003) suggests that massive stars form from massive hydrostatic cores supported by the non-thermal pressure provided by turbulence and magnetic fields. This high level of non-thermal pressure support naturally arises in massive, gravitationally bound gas clumps 1 , many of which may form clusters of Figure 2 : An image of 30 Doradus exemplifying the complex environment of massive star formation. This image of 30 Doradus, the Tarantula Nebula, in the Large Magellanic Cloud (LMC) was taken with the Curtis Schmidt telescope at Cerro Tololo Inter-American Observatory (CTIO) in Chile, as part of the Magellanic Cloud Emission Line Survey (MCELS) project. This color image was produced using three separate exposures taken in hydrogen (red), sulfur (green), and oxygen (blue) filters. Image credit: S. Points, C. Smith, R. Leiton, C. Aguilera and NOAO/AURA/NSF stars. The theory of competitive accretion, developed from the simulations of Bonnell et al. (2001) , suggests instead that massive stars form from small sub-virial seeds that compete for material in a massive gas clump. Those seeds at advantageous locations within the clump will accrete more material, forming massive stars.
Differentiating between competing theories of massive star formation has been hampered by the inherent complexity of the problem (see, e.g., Figure 2 ). Star formation is hierarchical and spans many orders of magnitude in size scale (< 0.1 pc scale cores enveloped within 1 pc scale clumps distributed on kpc scales throughout the Galaxy), density (n clump ∼ 10 3 cm −3 -n core ∼ 10 7 cm −3 ), and mass (∼10 M cores to 10 4 M clumps). Simulations are also complicated by the varied physical properties important in their formation, including, but not limited to, stellar feedback, turbulence, gravity, radiative transfer, and magnetohydrodynamics. Observationally, the problem is complicated by the embedded nature and relative rarity of massive star-forming regions, necessitating large samples, high resolution long-wavelength observations toward distant, embedded sources. Through a combination of only forming a small fraction of massive stars in a standard initial mass function and the short lifetimes of massive stars, massive star-forming regions are relatively rare, meaning that they are further away on average and require high resolution facilities. The short-lived evolutionary phases also require large samples to determine an evolutionary sequence and timescale. The earliest phases of massive star formation are highly embedded (A V ∼ 10-100), necessitating long-wavelength observations of re-processed light from dust grains. Furthermore, once a massive star forms, it evolves rapidly, quickly heating, ionizing, and eventually destroying the natal environment from which it formed. The image on the left shows the formation of an individual massive stellar system (protostars marked with a + sign) within a massive bound core (0.02 pc box) in this simulation from . The image on the right shows a cluster forming clump (1 pc box) and the large reservoirs out of which stars can accrete material. The most massive stars are formed preferentially in regions favorable to accreting a large amount of mass and are not confined to bound cores (from Bonnell et al., 2007 Bonnell et al., , 2003 .
Core Accretion
The core accretion model for massive star formation (e.g.; McKee & Tan, 2003; McLaughlin & Pudritz, 1996; is similar to our model for low-mass star formation, but scaled up in mass. This increase in mass (and therefore gravitational energy pushing for collapse) is counteracted by an increase in pressure working against collapse. These massive, hydrostatic cores are supported by the non-thermal pressure provided by turbulence and magnetic fields and will each collapse to form a single star or bound stellar system. In this model, the collapse of hydrostatic, bound cores is a slow, equilibrium process.
In this top-down fragmentation from molecular clouds to clumps to cores to stars, the cores represent the smallest bound structures, each one forming a single star or bound stellar system (see Figure 3 ). Since stars form directly from their natal cores in this model, the core mass function should map directly onto the stellar initial mass function, modulo some efficiency factor. Similarly, the spatial and velocity distribution of young stars should closely match that of cores. Finally, the overall star formation efficiency within a cloud or Galaxy is expected to be low since star formation is only occurring in cores (e.g.; Krumholz & Bonnell, 2007) .
One main distinguishing feature of the core accretion model is that the reservoir out of which all stars form is confined to their surrounding cores. The formation of a massive star requires the existence of a massive core. A large amount of non-thermal (turbulent or magnetic) pressure is required to stabilize such a core. In the core accretion model, such a core may form in isolation, meaning that the formation of massive stars in isolation, while unlikely, is possible. In the top panel, three star clusters form with a total mass (both gas and eventually stars) equaling that of a single massive star cluster, below. In the sorted sampling scenario (favored by competitive accretion), the single massive cluster (bottom) has an overall larger gravitational potential well and consequently, the most massive star in the system will be a more massive star than three cluster system above containing an equal total mass. Conversely, in the stochastic sampling scenario (favored by core accretion), the sampling of the IMF is random, and therefore, since both the three small clusters and one large cluster have the same total mass, the most massive star will be the same in both systems.
Competitive Accretion
In the competitive accretion model (e.g.; Bonnell et al., 2003 Bonnell et al., , 2007 Bate, 2012; Wang et al., 2010) for massive star formation, the global cluster potential is crucial for the formation of massive stars. Many fragments form in the turbulent initial conditions, some of which form low-mass stars, and others which are at preferential locations in the center of the gravitational potential well and continue to accrete as material funnels down into the potential (see Figure 3) . The competitive accretion model requires the large-scale funneling of material into the central cluster potential. While the overall cluster-forming clump need not be globally collapsing, it at least needs to be bound to enable this process. The overall star forming process is dynamic occurs over several clump free-fall times.
In this model, the formation of a massive star (or stars) is always accompanied by the formation of a stellar cluster surrounding it. Therefore, we would expect strong and early mass segregation, and moreover, the formation of a massive star in isolation should not be possible. In fact, we would expect that the most massive stars can only form in the most massive clusters (because they have the largest gravitational potential well) and there should be a strong correlation between the maximum star mass in a cluster and the overall mass of the cluster. In other words, we would expect the sampling of the Initial Mass Function (IMF) to be sorted, massive clusters sample the high mass end of the IMF and lower mass clusters do not, rather than stochastic, every star forming region samples the IMF completely randomly, meaning that a massive star could form in isolation (see
PoS(BASH 2013)005
The Formation of Massive Stars and Star Clusters Cara Battersby 
Figure 4)
. These predictions can be tested by observing the correlation between the most massive star formed in a cluster (M * max ) with the overall cluster mass (M cl ). An extreme break in this correlation would be a massive star formed in isolation (M * max = M cl ), though less extreme breaks in the correlation would also be informative.
Observational Tests of Massive Star Formation Theories
I review here a few of the observational tests performed which may help to distinguish between competing theories of massive star formation, but begin with the simple conclusion here. Both theories aptly explain the known observables of massive star forming regions and clusters, such as the IMF, multiplicity fractions, and cluster properties (spatial and velocity distributions). However, of the new observables tested to distinguish between theories, no observational test or combination thereof are widely accepted to have proven or disproven either theory of massive star formation. Observations are ongoing and are consistently putting tighter constraints on both theories. It is important to note as well that as simulations improve to include more realistic physics, the gap between the competing theories lessens (e.g. Kruijssen, 2013) .
Does the Core Mass Function Map Directly onto the Initial Mass Function?
Observational studies suggest that the Core Mass Function (CMF) is well-matched to the IMF, modulo a factor of about three, often attributed to the star-forming efficiency (e.g.; André et al., 2010 , see Figure 5 ). While this is predicted by the core accretion theory, it is not disallowed by competitive accretion. Additionally, the physical meaning of observationally identified is questionable. Since a core is not a discrete, countable, physical object like a star, but rather an amorphous overdensity of gas and dust, its properties are inextricably tied with the nature of our observations
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The Formation of Massive Stars and Star Clusters Cara Battersby (2005) identify more. While the presence of such isolated systems is of potentially great importance, there remains some skepticism. Some claim that the candidate massive stars formed in isolation are consistent with simply being massive star runaways, rather than having formed in isolation (Oh et al., 2013; de Wit et al., 2005) .
toward it and the tools used to extract it (e.g.; Pineda et al., 2009) . In order for the mapping of the CMF onto the IMF to be meaningful, it must be demonstrated that the measured cores will each fragment to form a single stellar system (Offner et al., 2013) . The most massive cores may be resolved into smaller cores (e.g.; Galván-Madrid et al., 2010) on closer inspection, which confuses a comparison of the observed CMF with the IMF.
Sorted vs. Stochastic Sampling of the IMF
As shown in Figure 4 , sorted sampling is predicted in the model of competitive accretion, since the global cluster potential is the most important aspect affecting the mass of the most massive star. Alternatively, in the core accretion model, the IMF should be sampled stochastically. I present here two observations testing the mode of IMF sampling: 1) The correlation of the most massive star in a cluster with the mass of the cluster (M * max vs. M cl ), and 2) the possible existence of massive stars formed in isolation (M * max = M cl ).
Observation 1: Some observations (e.g.; Weidner et al., 2013 Weidner et al., , 2010 show overwhelmingly strong evidence for sorted sampling. Weidner et al. (2013) show that the distribution of cluster M * max values is inconsistent with sampling randomly from the IMF with 99.9% confidence. However, it has been pointed out (e.g.; Lamb et al., 2010; Oey et al., 2013; Elmegreen, 2006) that observations are inherently insensitive to detecting small clusters with massive stars, as the massive star feedback would quickly evaporate any surrounding gas, making the detection of such a cluster more difficult. Therefore, there is strong evidence for a deviation from stochastic IMF sampling, but that effect may be perpetrated by observational biases.
Observation 2: There are a growing number of candidate massive stars thought to have formed in isolation (see Figure 6 and Oey et al., 2013; Lamb et al., 2010; Bressert et al., 2012; de Wit et al., 2005) . While many tests have been performed to try to identify massive stars without
PoS(BASH 2013)005
The Formation of Massive Stars and Star Clusters Cara Battersby Figure 7 : Massive star-forming IRDC G32.02+0.06 showing a range of evolutionary stages, from evolved H II regions at left to young, ultra-compact H II regions surrounded by warm, dense gas in the middle, to quiescent, cold, dense gas at the right. Image from Battersby et al. (2014) . MIPSGAL 24 µm shown in red (Carey et al., 2009 ), GLIMPSE 8.0 and 4.5 µm shown in green and blue, respectively (Churchwell et al., 2009 ).
a signature of having been ejected from a nearby cluster, it is nearly impossible to prove that a single star formed in isolation. There are any number of possible scenarios in which a star may appear to be isolated, but was actually ejected from a cluster (e.g.; Oh et al., 2013; de Wit et al., 2005) . Therefore, while no singular massive star candidate is sufficient to prove they can form in isolation, a significant number of candidates that exceeds our expectations for the number of ejected massive stars would be convincing evidence.
Other Tests
The observational tests presented in this section are by no means a complete census of work that has been done to discriminate between competing theories of massive star formation. Many other tests have been devised and are in progress. For example, ongoing studies using ALMA will shed light on the nature of disks around massive stars. Both theories predict ∼1000 AU disks around massive stars, but in competitive accretion, massive stars will have more encounters that will destroy or truncate disks at regular intervals, meaning that some fraction will lack disks (e.g.; Moeckel & Bally, 2006; Scally & Clarke, 2001 ). The upper mass cutoff for stars (Elmegreen, 2000; Figer, 2005) is of great interest, as well as searching for variation in the IMF (e.g.; Conroy et al., 2013; Hopkins, 2013; Hennebelle, 2012) . Finally, there is ongoing work studying the dynamical state of cluster-forming gas clumps (e.g. Kauffmann et al., 2013; Battersby et al., 2010) .
Below, I review some work that has been done towards understanding the initial conditions for and the early evolutionary stages of massive star formation. Presently, simulations of massive star formation begin with different initial conditions, which are not always well motivated by observations. One way to improve our understanding of massive star formation is through a characterization of the early physical conditions and evolutionary stages for massive star formation observationally. Such observations not only serve as improved initial conditions for modeling massive star formation, but the physical conditions in early evolutionary stages are a fundamental observable and place significant constraints on models.
Probing Initial Conditions: The Sites of Massive Star Formation

Infrared Dark Clouds and Pre-Cluster Clumps
Much like their low-mass counterparts, massive stars are thought to form in cold, dense molecular clouds; however, these natal clumps are necessarily of higher mass if they are to form massive stars. The discovery of Infrared Dark Clouds (IRDCs, see Figure 7 ) as dark extinction features against the bright mid-infrared Galactic background with the Midcourse Space Experiment (MSX) and the Infrared Space Observatory satellites Perault et al., 1996; Omont et al., 2003) provided candidate massive star birthplaces. We will call these massive, dense gas clumps from which massive stars and clusters form Pre-Cluster Clumps (PCCs). By definition, IRDCs are cold and dense enough to obscure the Galactic mid-IR background at 8 µm, typically with temperatures T< 25 K (Carey et al., 1998; Pillai et al., 2006) and densities n H > 10 4 cm −3 Carey et al., 1998; Rathborne et al., 2006) . The most massive of these are about 10 3 -10 4 M Battersby et al., 2010) and are substructures within larger Giant Molecular Clouds (GMCs).
In the past decade, IRDCs have emerged as likely sites for the birthplaces of massive stars, and many have been shown to host the earliest phases of massive star formation (e.g. Rathborne et al., 2006; Battersby et al., 2010; Ragan et al., 2006; Peretto & Fuller, 2009) . While the most massive IRDCs are likely PCC candidates, the majority of IRDCs Peretto & Fuller, 2009; Kauffmann & Pillai, 2010; Wilcock et al., 2012 ) fall short of this threshold and are not capable of forming massive stars. Additionally, the identification of IRDCs suffers from a selection bias. Their identification against the bright mid-IR Galactic background precludes their identification in the outer Galaxy, at high Galactic latitudes, and on the far side of the Galaxy. IRDCs capable of forming massive stars (of which there are many) provide an excellent starting place for studies of massive star and cluster formation, however, Galactic-scale analyses of this process require another way to identify PCCs.
As the earliest phases of massive star and cluster formation occur in heavily embedded structures, it is necessary to observe at long-wavelengths to probe deep within the clump and measure the structure and properties of the star-forming cores. Recent long-wavelength surveys of the Galactic Plane allow us to peer into candidate PCCs across the Galaxy. Galactic Plane surveys in the sub-mm to far-IR, in particular, provide an optically thin tracer of the dust emission from these cold, dense clouds. These surveys include the Bolocam Galactic Plane Survey at 1.1 mm (BGPS Aguirre et al., 2011; Rosolowsky et al., 2010; Ginsburg et al., 2013) , the APEX Telescope Large Area Survey of the Galaxy at 870 µm (ATLASGAL Schuller et al., 2009) , and the Herschel Infrared Galactic Plane Survey from 70 to 500 µm (Hi-GAL Molinari et al., 2010) . These surveys have confirmed that the most massive IRDCs are, in fact, cold, dense gas clumps seen in dust emission in the sub-mm (Battersby et al., 2010; Parsons et al., 2009; Wilcock et al., 2012) . These long-wavelength surveys allow us to identify PCCs throughout the Galaxy in a systematic way, independent of their location with respect to the mid-IR background.
Physical Properties and Evolution
Investigations toward PCCs have found a range of temperatures, average densities, and starforming activity (e.g. Dunham et al., 2011a,b; Battersby et al., 2011; Wienen et al., 2012; 
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The Formation of Massive Stars and Star Clusters Cara Battersby Figure 8 : A cartoon depicting a proposed evolutionary sequence for massive star formation from Battersby et al. (2010) . The sequence addresses the early signatures of massive star formation in cold, dense clumps of gas and dust identified in the sub-mm (through the thermal emission of cold, dense dust) or through their mid-IR extinction. The physical conditions progress from cold, dense, and quiescent, to showing signatures of shocks and outflows (seen through 6.7 GHz CH 3 OH masers or Extended Green Objects; Cyganowski et al., 2008) , to early embedded massive star formation seen through warm dust (such as emission at 8 or 24 µm) or ultra-compact H II regions.
et al., 2010). While many of these dense gas clumps are cold and pre-star-forming, others are actively star-forming and have begun to heat up their natal molecular clump. Even IRDCs, thought to host the earliest stages of massive star formation, have been shown to exhibit a range of evolutionary states from pre-to actively star-forming (e.g. Chambers et al., 2009; Battersby et al., 2010) .
Observations toward candidate PCCs have shown clumpy filamentary structure on ∼ 1 pc scales punctuated by complexes of dense cores with masses in the range of ∼ 10-100 M and separated by ∼ 0.1 pc (though high-resolution observations suggest further fragmentation; Galván-Madrid et al., 2010; Brogan et al., 2009 ) with peak column densities of about 1-2 g cm −2 (e.g. Zhang & Wang, 2011; Rathborne et al., 2008; Devine et al., 2011; Wang et al., 2008; Battersby et al., 2014; Pillai et al., 2011; Fontani et al., 2012; Liu et al., 2012) . The pre-star-forming cores and dense filaments have temperatures of about 10-20 K (Zhang et al., 2009; Rathborne et al., 2008; Pillai et al., 2011; Battersby et al., 2014) and the cores actively involved in star formation (but still with enough gas and dust to be detected in the dust continuum) show temperatures of T > 35 K (Beuther et al., 2007; Zhang & Wang, 2011; Battersby et al., 2014) . Battersby et al. (2010) proposed an evolutionary sequence (similar to Chambers et al., 2009; Purcell et al., 2009) for PCCs, beginning in the cold, dense, quiescent IRDC phase (see Figure 8 ), progressing into a phase showing early signatures of massive star formation (shocks and outflows as
The Formation of Massive Stars and Star Clusters Cara Battersby Figure 9 : The progression of the proposed evolutionary sequence (see Figure 8 ) as a function of temperature from Battersby et al. (2011) . If a clump monotonically increases in temperature with time, this progression from quiescent, mid-IR dark at the coldest temperatures to shock and outflow tracers to active and mid-IR dark at the warmest, indicates that we are seeing the evolution of clumps in our sample.
evidenced through Class II CH 3 OH maser emission and the appearance of Extended Green Objects Cyganowski et al., 2008) , to young, embedded UCH II regions. The observation of monotonically increasing dust temperature with these phases (see Figure 9 and Battersby et al., 2011) supports the proposed evolutionary sequence. While the general properties observed toward PCCs at high-resolution are well-constrained, the variance of these properties as a function of evolutionary stage or large-scale environment has yet to be clearly determined. A statistically significant correlation of physical properties with evolutionary stage will require large samples, similar to the analysis performed by Battersby et al. (2011) , but at high resolution. The combination of the availability of large-scale Galactic Plane surveys and high-resolution facilities (e.g. SMA, CARMA, PdBI, ALMA, ATCA) makes such an analysis possible.
Summary and Outlook
The field of massive star formation has experienced prolific growth in the past decade and a half. As our ability to grasp the problem has grown, through increased computational power for numerical simulations and better wavelength coverage, resolution, sensitivity, and ability to perform large surveys, so has our interest. Numerical simulations are able to produce clusters of stars that fully sample the observed IMF, including massive stars, and closely match our observations of cluster-forming clumps. Competing theories suggest different mechanisms for the accretion of material onto the massive stars, both of which provide testable predictions. Observations are con-tinually putting strong constraints on the process of forming massive stars, but have yet to provide a definitive answer.
As simulations incorporate more realistic physics, include feedback from forming stars, and start with better and more consistent "initial conditions" the competing models will likely continue to converge. Improved observational prospects include the ability to observe large samples of massive star-forming clumps with Galactic plane surveys and probe massive star-forming cores at higher resolutions and better sensitivities than ever before. Our current observational capabilities should allow us to definitively test the predictions of competing models of massive star formation in the next decade; an exciting prospect.
